bryos of faf females also showed a variety of migration these proteins was the ubiquitin-specific protease Fat defects ( Figure 2A) . The remaining 15% of embryos facets (FAF), a pole plasm component [7], but one showed localized VAS staining but formed no pole cells. whose roles in posterior patterning and germ line Loss of maternal faf function also affected somatic despecification have remained unclear. We present evivelopment; most notably, many progeny embryos of dence that FAF interacts with VAS physically and refaf females failed to undergo or had aberrant nuclear verses VAS ubiquitination, thereby stabilizing VAS in divisions. Nuclear staining revealed that 45% of the eggs the pole plasm.
B3
derm stage [5] . hsp83 mRNA, which accumulates in females had no pole cells and no localized VAS staining. the pole plasm through a stabilization-degradation Only 7% of the embryos formed pole cells, and in all mechanism [6], is another example. Here, we used a cases there were far fewer such cells than in wild-type biochemical approach to identify proteins that copurembryos. The pole cells that formed in the progeny emify with VAS in crosslinked extracts. Prominent among bryos of faf females also showed a variety of migration these proteins was the ubiquitin-specific protease Fat defects ( Figure 2A ). The remaining 15% of embryos facets (FAF), a pole plasm component [7] , but one showed localized VAS staining but formed no pole cells. whose roles in posterior patterning and germ line Loss of maternal faf function also affected somatic despecification have remained unclear. We present evivelopment; most notably, many progeny embryos of dence that FAF interacts with VAS physically and refaf females failed to undergo or had aberrant nuclear verses VAS ubiquitination, thereby stabilizing VAS in divisions. Nuclear staining revealed that 45% of the eggs the pole plasm.
produced by faf females are unfertilized (one nucleus), 12% arrested at a two nuclear stage, and 40% are multinucleated, but the arrangement of their nuclei was usuResults and Discussion ally irregular ( Figure 2B ). These failures in nuclear division must also contribute to the defects in pole cell Figures 1A and 1B) . These complexes were further purithrough stage 10. It then accumulates in the pole plasm. fied by continuous elution electrophoresis. Fractions
In faf B3 mutant ovaries, the level and distribution of VAS collected from this procedure were subject to a second in nurse cells appeared normal, but the intensity of VAS immunoprecipitation, and the recovered protein was reimmunoreactivity in the pole plasm was consistently solved by SDS-PAGE (SDS-polyacrylamide gel electroreduced relative to wild-type ( Figures 3A and 3B ). We phoresis) and visualized with silver staining ( Figure 1C) . also observed a substantial reduction in OSK accumulaBands corresponding to the VAS complex and the contion in faf B3 mutant ovaries ( Figure 3C ), but no significant change in posterior Tudor (TUD) or Staufen (STAU) levels ( Figures 3D and 3E) . Similarly, a reduction in posteriorly *Correspondence: paul.lasko@mcgill.ca To confirm the decrease in VAS levels observed by arrests after zero or one nuclear divisions ( Figure 2B Figure 4A ). We also in faf mutant ovaries than in wild-type ovaries. To examine the ubiquitination state of VAS, we concentrated observed no effect of the faf B3 mutation on levels of Exuperantia (EXU), ME31B, or Bicaudal-C (BIC-C) (data VAS by immunoprecipitation from wild-type and faf higher-molecular-weight forms of VAS was observed in faf B3 mutant extracts, but these forms of VAS were nearly undetectable in extracts prepared from wild-type ovaries ( Figure 4C , ␣-Ub). Several lines of evidence indicate that this ladder represents ubiquitinated forms of VAS. First, the samples for Western analysis were prepared by immunoprecipitating with antibodies specific to VAS, highly enriching for Ub attached to VAS rather than to other proteins. Second, the anti-Ub staining becomes stronger with increasing molecular weight until eventually fading out. We interpret this to represent attachment of increasing numbers of Ub residues to a VAS monomer, followed by the degradation of poly-ubiquitinated VAS. Finally, the incremental size differences between many of the bands of the ladder are approximately consistent with the size of a Ub monomer ( Figure 4C, faf   B3 ). Additional bands we observe most likely correspond to other posttranslationally modified forms of VAS [11] .
Control immunoprecipitations were performed with anti-BIC-D from wild-type and faf B3 mutant ovary extracts. Consistent with our earlier observations that indicated no effect of the maternal faf B3 mutation on BIC-D levels ( Figure 4A ), no ladder of ubiquitinated BIC-D is detected in wild-type or faf B3 mutant ovary extracts (Figure 4D , ␣-Ub). We also performed Western analysis of wild-type and faf B3 mutant ovary extracts with anti-VAS. Ubiquitinated forms of VAS could be detected in extracts prepared from the faf B3 mutant ( Figure 4E ) when high amounts of protein and a long exposure time were used. Therefore, we conclude that VAS is ubiquitinated during oogenesis and that ubiquitinated VAS is subsequently deubiquitinated by FAF, thereby protecting VAS from proteasome-mediated degradation.
Conclusions
We have shown that VAS and FAF can be copurified from chemically crosslinked embryonic and ovarian extracts and that in faf mutants, the ubiquitination of VAS is increased and its levels are decreased in ovaries and more strikingly in progeny embryos. The simplest interpretation of these data is that VAS is a specific substrate for the deubiquinating enzyme FAF. We believe the reduction of localized OSK we observe in faf mutant ovaries is an indirect result of the reduced stability of VAS, since vas function is required for the stable accumulation of OSK in the pole plasm [12-14]. The apparent reduction in TUD levels in Figure 3D is not supported by quantitative Western analysis ( Figure 4A ) and is not consistent among individual stage 10 oocytes. reduced nonspecific protein contamination of the VAScontaining complexes, yet a weakness of the biochemiInterestingly, another specific substrate is known for FAF itself, which mediates its function in eye developcal approach is that it preferentially favors the recovery of relatively abundant proteins. Conversely, the twoment. This substrate is Liquid facets (LQF), an endocytic protein homologous to vertebrate epsin. FAF reverses hybrid system is essentially independent of the expression level of the protein in question, but many proteins the ubiquitination of LQF, thereby preventing proteasomal degradation of that protein [10]. Our phenotypic are not amenable to this system because of problems including autoactivation, failure to localize to the approanalysis of the progeny embryos produced by faf females indicates that in addition to VAS and LQF, at least priate cellular compartment, and toxicity to yeast. We suggest that biochemical approaches to identifying inone more substrate must exist for FAF, with an essential function in cell cycle regulation and/or nuclear division.
teracting proteins, such as the one presented here, yield complementary information to the two-hybrid system In mammals, the FAF ortholog Usp9x regulates the sta-
